Infestation of Schizotetranychus oryzae (Acari: Tetranychidae) causes great losses in 3 7 rice productivity. Infestation in Puitá INTA-CL cultivar reduced the number of 3 8 seeds/plant, percentage of full seeds, 1,000 seeds weight, and seed length, whereas 3 9 infestation in IRGA423 increased 1,000 seeds weight and seed length. Reduction in 4 0 seed weight/plant caused by infestation was higher in Puitá INTA-CL than IRGA423. 4 1 Thus, Puitá INTA-CL was established as susceptible, and IRGA423 as tolerant to S. 4 2 oryzae infestation. Photosynthetic parameters were less affected by infestation in 4 3 IRGA423 than in Puitá INTA-CL. Infestation also caused accumulation of H 2 O 2 , 4 4 decreased cell membrane integrity and accelerated senescence in leaves of Puitá INTA-4 5 CL, while leaves of IRGA423 presented higher levels of phenolics compounds. Using 4 6 proteomic analysis, we identified proteins related to plant defense, such as jasmonate 4 7 synthesis, and related to other mechanisms of tolerance such as oxidative stress, 4 8 photosynthesis, and DNA structure maintenance, more abundant in IRGA423 after 4 9 7 1
1 3 8 buckets of each cultivar were rotated at a 90° angle counterclockwise every two days. Fifty plants of each cultivar were cultivated without infestation (control condition). The level of damage caused by S. oryzae in the tested rice plants was analyzed 1 4 1 during the average period of three months, until the plants reach its final stage of 1 4 2 reproductive development (panicle maturity, R9 stage; Counce et al., 2000) . Cultivars (empty + full) per plant, percentage of full seeds, weight of 1,000 full seeds, and seed 1 7 2 length. Yield reduction caused by S. oryzae infestation was calculated using the percentage in each cultivar caused by S. oryzae infestation. Filters were filled to maximum capacity with buffers and centrifuged at 15,000 g for 10 per sample after the last wash. The methodology used for protein digestion was as 2 3 5 previously described (Calderan-Rodrigues et al., 2014) . For each sample, 25 μ L of 0.2% 2 3 6 (v/v) RapiGest® (Waters, Milford, CT, USA) was added, and samples were briefly RapiGest® precipitation and trypsin activity inhibition, 10 μ L of 5% (v/v) 2 4 5 trifluoroacetic acid (TFA, Sigma-Aldrich) was added and incubated at 37°C for 30 min, 2 4 6 9 followed by a centrifugation step of 20 min at 16,000 g. Samples were transferred to 2 4 7 Total Recovery Vials (Waters). was performed in positive and resolution mode (V mode), 35,000 FWHM, with ion 2 6 8 mobility, and in data-independent acquisition (DIA) mode; ion mobility separation 2 6 9 (HDMS E ) using IMS wave velocity of 600 m/s, and helium and IMS gas flow of 180 2 7 0 and 90 mL/min respectively; the transfer collision energy ramped from 19 V to 55 V in 2 7 1 high-energy mode; cone and capillary voltages of 30 V and 2750 V, respectively; and a 2 7 2 source temperature of 70°C. In TOF parameters, the scan time was set to 0.5 s in 2 7 3 continuum mode with a mass range of 50 to 2,000 Da. The human [Glu1]-fibrinopeptide MassLynx v4.0 software. Progenesis QI for Proteomics Software V.2.0 (Nonlinear Dynamics, Newcastle, UK).
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The analysis used the following parameters: Apex3D of 150 counts for low energy 2 8 2 threshold, 50 counts for elevated energy threshold, and 750 counts for intensity 2 8 3 threshold; one missed cleavage, minimum fragment ion per peptide equal to two, a 1% maximum, peptide score greater than four, and maximum mass errors of 10 ppm. The analysis used the Oryza sativa protein databank from Phytozome 2 8 9 (https://phytozome.jgi.doe.gov/). Label-free relative quantitative analyses were 2 9 0 performed based on the ratio of protein ion counts among contrasting samples. After data processing and to ensure the quality of results, only proteins present or absent (for 2 9 2 unique proteins) in three out of three runs were accepted and submitted to differentially was greater than 1.5 and down-regulated if the FC was less than 0.6667, and both with First-strand cDNA synthesis was performed using the SMART PCR cDNA Synthesis Biosystems). All primers (listed in Table S1) were designed to amplify 100-150 bp of 3 1 1 the 3'-UTR of the genes and to have similar Tm values (60 ± 2°C). Reaction settings 3 1 2 were composed of an initial denaturation step of 5 min at 94˚C, followed by 40 cycles and then heated from 55 to 99˚C with a ramp of 0.1˚C/s to produce the denaturing curve Inc., USA). The first screening of rice responses to S. oryzae infestation showed that all though we were not able to find any sign of resistance in these cultivars, we decided to 3 4 6 further characterize the response to S. oryzae of three cultivars that showed different 3 4 7 responses to mite infestation. Therefore, we selected Puitá INTA-CL, BRS7 Taim and 3 4 8
IRGA 423 cultivars to further analysis. Chlorophyll a fluorescence analysis showed that early and intermediate infested The energy absorption per reaction center (ABS/RC) is significantly increased
only in infested leaves of IRGA 423 cultivar ( Fig. 2H ), evidencing that these plants try to obtain more energy to tolerate the herbivory stress. The light energy capture per 3 6 8 reaction center (TR 0 /RC), which is converted in chemical energy during photosynthesis, is also increased only in infested leaves of IRGA 423 cultivar ( Fig. 2I ). Puitá INTA-CL evidencing that these two cultivars are more affected by S. oryzae infestation than IRGA 3 7 6 423, due to less efficient energy use. Puitá INTA-CL also presented a decrease in 3 7 7 energy dissipation per active leaf area (DI 0 /CS 0 - Fig. 2M ). Based on these data, we infestation. Therefore, we selected these cultivars for further analysis. resulting in approximately 62% reduction in seed weight per plant, which is an 3 9 1 estimative of yield lost (Fig. 5 ). On the other hand, seeds from IRGA 423 presented an 3 9 2 increase in the weight of 1,000 full seeds ( Fig. 4D) , explained by an increase in seed 3 9 3 length ( Fig. 4F) , resulting in no yield lost (Fig. 5 ). Based on these data, we suggest that 3 9 4
Puitá INTA-CL is susceptible to S. oryzae infestation, while IRGA 423 can be 3 9 5 considered tolerant. From now on, we will call Puitá INTA-CL and IRGA 423 as 3 9 6 "susceptible" and "tolerant" cultivars, respectively. To verify whether S. oryzae infestation could differentially affect the generation leaves of tolerant cultivar when compared to susceptible one (Fig. 7) . We used scanning electron microscopy (SEM) to visualize the leaf surfaces of cells) than the susceptible one (Fig. 8B) . Comparison of both cultivars in infested condition generated 60 proteins, with 28 more 4 3 0 abundant in susceptible cultivar, and 32 more abundant in tolerant one. The corresponding sequence of each identified protein was submitted to NCBI 4 3 2
BLASTp to identify specific domains, molecular functions, and protein annotations. Several metabolic processes seem to be inhibited by S. oryzae infestation on the the other hand, the higher abundance of oxidative stress-and ATP synthesis-related 4 4 0 proteins in infected leaves suggest an attempt to respond to S. oryzae infestation ( and energy production (especially galactose and polysaccharide metabolism), oxidative 4 4 5 stress, response to stress, photosynthesis, amino acid metabolism, and DNA structure 4 4 6 maintenance were identified as more abundant in infested than in control condition. Even though, some categories are still inhibited by infestation, as translation, transport, 4 4 8 and lipid metabolism (Table S3) . Surprisingly, when we compare both cultivars in 4 4 9 control condition, the susceptible Puitá INTA-CL seems to present all the metabolic 4 5 0 processes more active than the tolerant IRGA 423 (Table S4 ). However, when both (Table S5 ), a key enzyme for jasmonate-regulated plant responses. and could be related to a more efficient plant defense (Fig. S3 ). The molecular function one (IRGA 423: control x infested) (Fig. S4 ).
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To identify specific pathways affected by S. oryzae infestation in susceptible and 4 7 5 tolerant rice plants, we also analyzed KEGG pathways. The following KEGG pathways 4 7 6 (involving five or more proteins) were identified as associated with proteins The mRNA expression of three randomly selected genes (2,3- Glutathione reductase) corresponding to three proteins identified as differentially 4 9 5 abundant during S. oryzae infestation was further evaluated in control and early infested 4 9 6 leaves by RT-qPCR (Fig. 10) . The proteomic profiles were confirmed for the three 4 9 7 tested genes, even though the ratio between conditions detected at the mRNA and 4 9 8 protein levels were different, probably due to regulation at the post-transcriptional level. In our first screening of rice responses to S. oryzae infestation using seven 5 0 2 different cultivars, it was clearly shown that none of these cultivars present a classical 5 0 3 resistance response, due to the rapid and somewhat similar infestation kinetics 5 0 4 throughout the analyzed period (Fig. S2 ). Even though, physiological analysis and 5 0 5 agronomical parameters showed that two cultivars (Puitá INTA-CL and IRGA 423) 5 0 6 present different responses to S. oryzae infestation (Fig. 1-8) , being considered 5 0 7 susceptible and tolerant, respectively. In fact, there is not a consensus about the 5 0 8 requirement for a trait be considered as a plant defense mechanism (Karban, 2011; Poelman, 2015), and most plant defenses are still characterized by proximate variables 5 1 0 such as herbivore performance or plant damage (Wetzel et al., 2016; Erb, 2018) . However, plant defenses can be surely defined as traits that reduce the negative impact 5 1 2 of herbivores on plant reproductive success or that increase plant fitness (Erb, 2018) . conditions. For this reason, the fact that IRGA 423 did not decrease the yield under that encouraged us to define IRGA 423 as tolerant to S. oryzae infestation.
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Chlorophyll fluorescence is a non-invasive tool commonly used for determining 5 1 9 the behavior of the photosynthetic apparatus of control and abiotic stressed plants et al., 2015; Rapacz et al., 2015) . Our group previously detected a reduction 5 2 1 in Pi ABS , S m , and N parameters (related to the donor and acceptor sides of PSII) in rice 5 2 2 leaves early infested by S. oryzae in IRGA 424 cultivar (Buffon et al., 2016) . However, 5 2 3 to the best of our knowledge, this is the first work that uses this type of photosynthetic 5 2 4 analysis to differentiate plant susceptibility and tolerance to a biotic stress. Several IRGA 423 (Fig. 2) . Puitá INTA-CL increased its energy dissipation per reaction center 2A-D), fluorescence intensity at F300 (Fig. 2G) , energy dissipation per active leaf area last one probably linked to enhanced cell death in their leaves (Fig. 6) . Zhang et al. the F300 parameter also decrease in wheat plants exposed to Pb stress (Kalaji and decrease at all steps of OJIP and F300 parameters in response to high-temperature 5 4 0 stress, but pre-acclimation treatment inhibit such declines (Hu et al., 2015) . Intriguingly, 5 4 1 Rapacz et al. (2015) suggest that DI 0 /CS 0 values increase with increasing levels of PSII 5 4 2 damage, which is the opposite to what we found (Fig. 2M ). More studies are needed to ( Rapacz et al., 2015) . According to Gururani et al. (2015) and Rapacz et al. (2015) , the OJIP test is a reliable indicator of cold tolerance in the turfgrass Zoysia japonica and 5 4 8 freezing tolerance in wheat, respectively. Therefore, we suggest for the first time that 5 4 9 rice tolerance to S. oryzae (and probably to other herbivores) can also be estimated by The differences in photosynthetic performance presented by the susceptible Puitá respectively (Tables S2 and S3 ). INTA-CL, an earlier senescence process was established in their leaves upon S. oryzae 5 5 8 infestation (Fig. 3) . Leaf senescence is a natural and important developmental process, 5 5 9 responsible for great part of the nitrogen mobilized to the seeds. Late senescence, which 1 9 characteristics presented by this cultivar under S. oryzae infestation (Fig. 4) , including 5 6 8 the absence of yield loss. Yet, infested leaves of susceptible Puitá INTA-CL cultivar 5 6 9 express atATG18b protein (Table S5) , which is required for the formation of Even though we detected a lower level of H 2 O 2 accumulation in infested leaves 5 7 3 of the tolerant IRGA 423 cultivar (Fig. 6) , we were not able to find a clear difference in IRGA 423 infested leaves ( Supplmentary Table 5 ). However, infested leaves of the 5 7 7 tolerant cultivar accumulate higher levels of phenolic compounds than the susceptible 5 7 8 one (Fig. 7) . In plants, it is well established that phenolics can act as antioxidants by and Horwitz, 2015; Hung, 2016). Also, many structurally different phenolics rapidly 5 8 2 accumulate to higher levels as components of an induced defense arsenal against 5 8 3 herbivore attack (Gaquerel et al., 2014; Karabourniotis et al., 2014) . For example, the 5 8 4 larval development of the pea aphid is longer, the reproduction period is shorter, the 5 8 5 fecundity is decreased, and the aphid population is reduced on alfalfa lines containing 5 8 6 high levels of phenolics (Goławska and Łukasik, 2009 ). Therefore, we believe that part 5 8 7 of the tolerance mechanism to S. oryzae infestation by IRGA 423 cultivar is due to stage (no infestation, V7-9) and full maturity stage (control or infested conditions, R9). Represented values are the averages of ten samples ± SE. Mean values (from each 8 3 9 cultivar) with one, two, or three asterisks are significantly different as determined by a 8 4 0
Student's t test (P ≤ 0.05, 0.01, and 0.001, respectively). This figure is available in colour at JXB online. 
